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INTRODUCTION
Prolonged exercise may compromise immune function [23]. The risk 
of infection increases 100-500% following an ultramarathon [14] 
as runners experience significant immune system stress post race [20]. 
Within two weeks after completing an ultramarathon, 25% of race 
finishers reported an upper respiratory symptoms (URS), and this 
was correlated with a decline in salivary IgA (IgA) secretion rate [20]. 
IgA is the most abundant antibody at the mucosal surface and is 
a commonly researched biomarker for innate mucosal immunity 
during exercise. Despite IgA’s abundance, the decline in IgA after an 
ultramarathon may not be related to post race URS incidence [24]. 
Therefore it is important to continue to examine other immune factors 
in mucosal secretions, such as antimicrobial proteins (AMPs), which 
may be altered by ultra-endurance exercise. 
Lysozyme (Lys) and lactoferrin (Lac) are the two most abundant 
AMPs. Salivary Lys and Lac are produced by epithelial cells and 
salivary glands, and also localized in granules of neutrophils [10]. 
Lys may enhance protection against gram-positive bacteria [19]. Lac 
may improve immunity by inhibiting iron uptake by microorganisms, 
thereby reducing bacterial growth [28]. Lys and Lac are also thought 
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to function synergistically to augment immunity [8]. Lac can enhance 
Lys ability to remove gram–positive bacteria [19].
To date, few studies have examined the effect of acute exercise 
on salivary Lys and/or Lac. Lys concentration and secretion rate in-
creased immediately after short, intense cycling [1] and Lac and Lys 
concentration increased after intense rowing [29]. Swimmers, how-
ever, decreased Lys concentration and secretion rate immediately 
after an intense workout [18], and a single session of sprinting in-
creased the concentration of IgA and Lys, along with the secretion 
rate of IgA, but Lys secretion rate was unaltered immediately post or 
30 min post exercise [7]. Moderate, sustained cycling for 2 h reduced 
salivary Lys concentration and secretion rate immediately post exer-
cise and returned to baseline within 1 h post exercise [9]. Taken 
together, previous reports suggest that Lys and Lac expression can 
be altered by exercise, but this may be independently affected by 
duration and intensity. 
Cortisol (Cort) is considered a reliable marker of hypothalamic-
pituitary-adrenal (HPA) axis activity and has been shown to alter 
mucosal immunity through a reduction in salivary IgA [17] and ly-
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sozyme [22]. Cort expression in response to exercise is dependent 
on the intensity of exercise with greater intensity leading to increased 
Cort release [26]. However, salivary Cort may not impact mucosal 
immunity in an exercise model [1]. Little is known about the relation-
ship between Cort and AMPs during prolonged exercise.
Although past research indicates the importance of Lac and Lys 
for immune function, and both appear to be altered by exercise, 
little is known about the effects of acute, prolonged exercise. Even 
less is known about their response to ultra-endurance exercise in   
a field setting. Therefore, our purpose was to determine the effect of 
a trail ultramarathon race on salivary Cort, IgA, Lac, and Lys.
MATERIALS AND METHODS 
Fourteen (6 females and 8 males) participants completed the 50 km 
Jemez Mountain Trail run near Los Alamos, NM (elevation: 2,231m). 
All subjects were experienced endurance athletes. Mean finishing 
time was 7.8 ± 1.2 hours (6.5 ± 1.1 km · h
-1). Ambient temp was 
18.8 ºC at 0600, 21.1 ºC at 1200, and 26.1 ºC at 1700.   
The course consisted of 4,000 m of elevation change. The Univer-
sity of New Mexico’s Institutional Review Board, which is in compli-
ance with the Declaration of Helsinki, approved this protocol and 
the subjects provided informed, written consent prior to participation. 
Preliminary testing
Five weeks prior to the race, subjects reported to the laboratory for 
preliminary screening. Body composition and cardiorespiratory fitness 
were assessed for all subjects. Three site skinfold (Lange, Beta Tech-
nology, Santa Cruz, CA) measurements (Men: chest, abdomen, thigh; 
Women: triceps, suprailiac, thigh) were used to determine percent 
body fat. Each site was measured in triplicate and the mean value 
was used to calculate percent body fat [3]. Cardiorespiratory fitness 
was assessed as described elsewhere [11]. Briefly, subjects walked 
for  8  min,  4  min  at  2.5  mph  and  0%  grade,  followed  by   
4 min at 4.5 mph and 5% grade. Heart rate during the second   
4 min stage was used to predict VO2peak. Descriptive characteristics 
of subjects are displayed in Table 1. 
of completing the race. All subjects consumed food provided by he 
organization within 30 min post race, thus, the 1.5 h post race 
sample was collected within the same amount of time post feeding 
between subjects. Subjects were asked to refrain from alcohol after 
the race. Hydration status was controlled through salivary osmolal-
ity and flow rate [27]. Subjects that did not increase saliva flow rate 
and/or decrease osmolality from post to 1.5 h post race, suggesting 
adequate rehydration, were not included in the analysis.
Saliva collection 
Subjects rinsed their mouth with water 10 min prior to each collec-
tion and were not allowed to eat or drink until after the collection. 
Subjects were seated and asked to swallow to cleanse their mouth 
prior to un-stimulated collection for 4 min via passive drool into 
pre-weighed tubes. Subjects sat with their head tilted forward and 
were asked to maintain minimal oro-facial movement during collec-
tion. Saliva was immediately stored in a portable freezer after col-
lection before being taken to the lab after the last saliva collection 
time. Saliva volumes were estimated by weighing to the nearest mg. 
Density of saliva was assumed to be 1.00 g · ml
-1. Flow rate was 
calculated as the volume of saliva collected divided by the collection 
time. Secretion rate was calculated as the product of the flow rate 
and concentration of salivary protein. 
Saliva analysis
After thawing, saliva was mixed and osmolality was assessed using   
a freeze point depression osmometer (Advanced Instruments, Norwood, 
MA, USA) after calibration with 290 mOsm/kg NaCl solution. Saliva 
was then analyzed using ELISA according to manufacturer’s instruc-
tion. Lys and Lac (AssayPro, St. Charles, MO, USA) was detectable at 
0.1 ng · ml
-1 with an intra-assay coefficient of 4.1% and an inter-assay 
coefficient of 7.2%. IgA (Salimetrics, State College, PA, USA) was 
detectible at 2.5 μg · ml
-1 with an intra-assay coefficient of 4.49% and 
an inter-assay coefficient of 8.65%. Data were generated using Gen5 
software (BioTek Instruments, Inc, Winooski, VT, USA).
Statistical analysis
Data in text and tables are represented as mean ± SD. For clarity, 
data in figures are shown as mean ± SEM. A 1 way repeated measures 
ANOVA (time), using Statistica version 8 (Tulsa, OK, USA), was used 
to determine the effect of the race on the dependent variables. When 
appropriate, Tukey HSD post hoc tests were used. Pearson’s Product 
Moment Correlation was used to determine an association between 
Cort, IgA, Lys, and Lac. Statistical significance was set at α≤0.05. 
Normality and homogeneity of variance was assessed for each vari-
able prior to statistical analysis. Data representing immunological 
variables of saliva were log transformed before the statistical analy-
sis took place to correct for violations of normality. 
The necessary n size was estimated to be 12 subjects, given   
a power of 0.80 and an alpha level of 0.05, using Statistica. Because 
Lac and Lys have not been assessed during ultra-endurance exercise, 
Age  
(yrs)
Height 
(cm)
Weight  
(kg)
Body Fat
(%)
VO2peak 
(ml
 ·kg
-1 ·
 min
-1)
43.7  ±  9.9 173.5 ± 9.7 66.3 ± 13.1 18.7 ± 6.6 47.1 ± 4.8
Experimental design
Saliva was collected at 3 time points: pre race (pre), immediately 
post race (post), and 1.5 h post race (+1.5) as previously mod-
eled [21]. For the pre sample, subjects reported to the starting line 
30 min prior to the start of the race. All subjects had eaten breakfast 
prior to saliva collection as they were encouraged to consume their 
normal pre-race meal. Post race collection occurred within 10 min 
TABLE 1. SUBJECT CHARACTERISTICS (MEAN ± SD)
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FIG. 1A. LAC CONCENTRATION *p<0.05 between post and +1.5  
FIG. 1B. LAC SECRETION 
FIG. 1C. LAC OSM:NG 
Note: Saliva was collected pre, post, and 1.5 hrs post 50 km trail race.  Data are represented as mean±SEM
we based this estimate from the longest duration that has been 
published for either Lac or Lys [9]. 
RESULTS 
Lactoferrin. Lac concentration increased after exercise (p=0.01). 
Post hoc test revealed a difference between post and +1.5 (p=0.01). 
(Fig. 1a). At +1.5, Lac secretion rate decreased by 36% from pre 
race values, but was not statistically different (Fig. 1b). Lac/Osm was 
not affected by exercise (Fig. 1c).
Lysozyme
Lys concentration did not change in response to the race (Fig 2a). 
At +1.5, Lys secretion rate decreased by 37% from pre race values, 
but was not statistically different (Fig. 2b). Lys/Osm ratio was not 
affected by the race (Fig. 2c).
IgA 
IgA concentration decreased after exercise (p<0.001). Post hoc tests 
revealed a significant difference from pre to +1.5 (p<0.001) and 
post to +1.5 (p<0.001) (Fig. 3a). Secretion rate decreased with 
exercise (p=0.04). Post hoc tests revealed a significant difference 
from pre to +1.5 (p=0.03). (Fig. 3b). IgA/Osm decreased   
after exercise (p=<0.001). Post hoc tests revealed a significant dif-
ference from pre to post (p=<0.001), and pre to +1.5 (p=<0.001) 
(Fig. 3c). 
A C B
A B C
FIG. 2A. LYS CONCENTRATION  
FIG. 2B. LYS SECRETION RATE 
FIG. 2C. LYS OSM:NG 
Note: Saliva was collected pre, post, and 1.5 hrs post 50 km trail race.  Data are represented as mean±SEM.
FIG. 3A. IGA CONCENTRATION  *p<0.05 different from 1.5  
FIG. 3B. IGA SECRETION RATE  *P<0.05 BETWEEN PRE AND 1.5 TIME POINTS 
FIG. 3C. IGA OSM:μG.  * P<0.05 BETWEEN PRE AND POST, AND PRE AND 1.5 TIME POINTS 
Note: Saliva was collected pre, post, and 1.5 hrs post 50 km trail race.  Data are represented as mean±SEM.
A B C
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Cortisol
Cort concentration increased after exercise (p=0.02). Post hoc test 
revealed a significant difference from post to +1.5 (p=0.02; Fig. 4). 
Saliva Analysis. Running did not alter saliva flow rate. Saliva Osm 
(mOsm/kg) increased after exercise (p<0.001), with significant dif-
ferences being shown between pre and post (p=0.01) and post and 
+1.5 (p<0.001) (Table 2). 
Correlation
IgA and Lac concentrations (r = 0.36, p=0.01), IgA and Lys con-
centrations (r = 0.37, p=0.01), IgA and Lac secretion rates   
(r = 0.74, p<0.001), IgA and Lys secretion rates (r = 0.77, 
p<0.001), and Lac and Lys secretion rates (r=0.65, p<0.001) 
were all correlated. There was no association between Lac and Lys 
concentrations, Cort and IgA concentration, Cort and Lys concentra-
tion, Cort and Lac concentration, IgA Osm/μg and Lac Osm/ng, IgA 
Osm/μg and Lys Osm/ng, Lac Osm/ng and Lys Osm/ng. 
DISCUSSION 
The main finding of this study was that Lys and Lac secretion rates 
were unaffected by the race. The ultramarathon caused a decline in 
the secretion rate and Osm/μg of IgA. Also, Lac and Lys secretion 
rates were correlated. These results occurred without an alteration 
in flow rate. Taken together, these data suggest increased sensitiv-
ity to prolonged running in IgA compared to Lys and Lac. 
While the IgA response to prolonged running has been exten-
sively examine [20,21,23,24], to our knowledge, this is the first 
report detailing the effect of prolonged exercise (>3 h) on Lys   
and/or Lac. The importance of IgA quantification after an ultrama-
rathon is it’s inverse relationship with URS [20], though some have 
questioned this [24]. It is suggested that reductions in IgA cannot 
be solely responsible for the decline in immune function that may 
lead to URS. Therefore, it is important to describe changes in oth-
er prominent mucosal factors. 
2 h of moderate intensity cycling depressed Lys concentration and 
secretion rate compared to pre exercise values [9], while short, intense 
bouts of exercise increase Lys immediately post exercise [1,13,29]. 
Indeed, the intensity of exercise appears to contribute to Lys secretion 
rate as high intensity exercise demonstrated an increase in Lys secre-
tion while there was no change at a submaximal intensity [1]. Lim-
ited data exists regarding salivary Lys, but is postulated that   
the ability of mononuclear cells to secrete Lys during the post exercise 
period may be decreased due to a “refractory period”. During this 
time, the secretion of Lys is inhibited until “recovery and restoration 
is achieved [30].” This may be similar for epithelial cells and could 
be a plausible explanation for the decreased Lys secretion rate after 
2 hours of cycling. Our data showed no alteration in Lys from pre 
race values and this is likely due to the low intensity our subjects 
used to complete the ultramarathon. Indeed, laboratory studies sug-
gest that experienced endurance athletes can maintain ~65% of 
their VO2peak during 4 h of running [6], which is below the thresh-
old necessary to increase Lys secretion rate [1] and similar to   
the exercise intensity necessary to decrease Lys secretion rate [9]. 
The current subjects, however, ran on average 3 h longer than   
Davies [6] subjects, so we can assume the exercise intensity in   
the current study was less than 65%, which could be too low sig-
nificantly alter Lys secretion rate.
Limited data exists regarding salivary Lac and acute exercise, but 
Lac concentration may increase after short, intense exercise [29]. 
However, Lac is also found in specific granules of neutrophils. Serum 
Lac concentration increased immediately after a marathon [25]. Our 
data supports previous work [25] that showed an increase in Lac 
concentration after prolonged running. However, data from the current 
study may represent an increase in osmolality and not an increase 
in the availability of Lac on the mucosal surfaces since the secretion 
rate and Osm/μg were unaltered. Thus, it appears that salivary Lac 
may not be substantially altered through prolonged running.
Lac and Lys have been shown to act synergistically to defend 
against bacterial invasion [8], and our correlative data suggests that 
this finding may extend to ultramarathons. Although salivary mea-
surements of Lac and Lys were not affected by the race, secretion 
rates were correlated. Lac may enhance Lys’ ability to remove gram–
positive bacteria by making the mucosal environment unsuitable for 
colonies of bacteria to grow and this could be an important variable 
with regards to post race URS. 
As the most abundant AMP at the mucosal surface, IgA is   
the primary means of measuring the “first line of defense” at   
the mucosal surface. Deficiencies in IgA concentration [16] and low 
flow rates [12] may result in increased rates of infection. While the 
Pre Post +1.5
Osm (mOsm · kg
-1) Flow Rate (ml · min
-1) Osm (mOsm · kg
-1) Flow Rate (ml · min
-1) Osm (mOsm · kg
-1) Flow Rate (ml · min
-1)
103.2±34.6* 0.51±0.3 161.6±82.5 0.40±0.2 102.3±45.7* 0.54±0.3
TABLE 2. SALIVARY ANALYSIS 
Note: the values are: mean±SD * different from Osm post race values (p<0.05)
FIG. 4. CORT CONCENTRATION. Note: *p<0.05 between post to +1.5. 
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current study did not assess post race URS due to limited sample 
size, the post race ultramarathon salivary IgA data is similar to previ-
ously published work [21, 24]. With regards to data from the current 
study, IgA seems to be more sensitive to ultramarathons than Lys or 
Lac.
Cort concentration was not correlated with mucosal immunity 
measures and thus, the HPA axis may not be regulating mucosal 
immunity at 1.5 h post race. This has been previously shown in 
laboratory work for IgA and Lys [1, 2] and our data extends this 
finding to an ultramarathon. However, our last time point could have 
been too short to assess Cort’s effect on mucosal immunity. The post 
exercise (2-24 h) fall in IgA may be related to Cort [15], especially 
since  there  is  often  a  delay  in  the  appearance  of  Cort  in   
the circulation [26]. 
Flow rate did not change from pre race values. The exercise in-
tensity in the current study may have been too low to increase 
sympathetic nervous system activity above a critical threshold to 
reduce salivary flow rate. In addition, hydration can affect osmolal-
ity flow rate. Walsh, et al [27] noted that a significant reduction in 
flow rate only occurred after a 2% decrease in body weight, while 
osmolality increased after 1.1% body mass loss. In the current study 
osmolality increased immediately post exercise before returning to 
pre race levels 1.5 h post race, while flow rate did not change. Ac-
cordingly, we can assume that our subjects were 1.1-2.0% dehy-
drated. Taken together, our data suggest that the intensity of exercise 
was low, and adequate hydration was maintained, therefore flow 
rate was unaltered.
Limitations
This observational field study provides unique “real world” insights 
into the role of mucosal immunity. However, current results should 
be corroborated through a more stringent experimental design that 
accounts for caloric intake and controls for hydration. Although all 
subjects consumed food pre and post race, and ingested fluids during 
the race, specific macronutrient and fluid intake was not recorded. 
However, Carbohydrate (CHO) consumption during a marathon [21], 
or immediately after 2 h of cycling at 75% VO2max [4], did not affect 
IgA concentration or secretion rate compared to the control group.   
In addition, saliva flow rate, IgA concentration, and IgA secretion rate 
after 2 h of cycling did not differ in subjects who were fed prior to 
exercise compared to those who cycled after an overnight fast [2]. 
Lys secretion rate was similar in the first hour of recovery after the 
ingestion of a CHO-protein drink consumed post exercise compared 
to the fasted group [4]. Supplementation with bovine colostrums 
attenuated the post exercise decrements in Lys concentration and 
secretion rate [9] and increased resting IgA levels  [5]. The effect of 
macronutrient or micronutrient consumption pre or post exercise on 
Lac is unclear. Taken together, macronutrient intake before or after 
endurance exercise (>2 h) has little impact IgA and Lys secretion 
rates. Thus, despite limited nutritional control, the current observa-
tional field study extends the findings of laboratory studies to a real 
world setting. 
CONCLUSIONS 
To our knowledge, this is the first study to examine Lys and Lac 
after an ultramarathon. Furthermore, assessing Lys and Lac after 
acute, prolonged exercise in a field setting is novel and provides 
direct application for sport scientists. Our data suggests that IgA is 
more sensitive to prolonged running than either Lys or Lac. Results 
from the current study expand our understanding of the mucosal 
immune system and may have implications for predicting URS after 
prolonged running. 
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